The wellness of resident physicians, particularly in emergency medicine (EM) with its high rate of burnout, has become of paramount importance to residency programs. This pilot study aims to evaluate the effects of the implementation of an evidence-based wellness curriculum on self-reported resident wellness across three Detroit EM residency programs. It is the first objective study of a wellness program for EM residents to date.
INTRODUCTION
Resident physician wellness is a topic of increasing interest in the medical community. The importance of formalized avenues to support physician well-being is becoming more widely acknowledged, and open discourse regarding the mental and physical toll of physicians' stressful and demanding profession is taking place more readily than in the past.
Burnout, defined as a syndrome of emotional exhaustion, depersonalization and feelings of inadequacy, is strikingly common in medicine, occurring at much higher rates among physicians than within the general population [1] [2] [3] . Burnout yields wide and serious consequences. It has been linked to increased unprofessional behavior, increased medical errors, earlier career termination, reduced patient satisfaction, reduced empathy, and high rates of depression and suicide [4, 5] . Physicians in training appear to be particularly susceptible [6, 7] . One large study found the self-reported rate of burnout among residents to be 51.5% [8] . In fact, residency training has been and remains a period in which physicians lack sufficient sleep and exercise, may not eat well, and are apt to experience difficult family interactions [9] . Burnout seems to be even worse in specialties on the front lines of care, including emergency medicine [2] . A recent survey of emergency medicine residents reported a burnout rate of 76.1% amongst the respondents [10] . For the sake of both physicians and patients, we must address and mitigate burnout in medicine.
Residency training is a crucial time in laying the foundation for practice patterns that promote physician wellness. Physicians and medical educators must find a way to incorporate wellness into resident education so that it commands legitimate respect as part of educating good doctors [11] . The Accreditation Council for Graduate Medical Education (ACGME) recently outlined the expectation that residency programs incorporate education on burnout prevention, further substantiating the importance of making this an established part of physician education [12] . A recent multi-center survey determined that emergency medicine residents considered wellness to be valuable to their learning and believed it to be an important topic to include in training, but they did not feel well versed in wellness principles [13] . In other words, there is both a desire amongst physicians in training to be educated on wellness, as well as an unmet need.
Several institutions have explored formalized efforts to increase wellness education in physician training. A 2016 study demonstrated the efficacy of a wellness and suicide prevention program for residents that included counseling, psychiatric evaluations and wellness workshops. This intervention was met with high utilization of services and high levels of satisfaction, highlighting the practical and valuable nature of formalized wellness programs [12] . Another study showed that after implementation of a wellness program focused on healthy coping mechanisms and diminishing stressors, anesthesia residents demonstrated improved problem solving, felt more social support in the workplace, and reported less stress and anxiety [13] . Several systematic reviews have yielded similarly positive results, one showing that interventions targeting health and coping mechanisms seem to improve resident well-being, and another finding that 80% of burnout intervention programs were successful in reducing burnout [14, 15] .
The aim of this study is to examine the effect of implementation of an evidence-based, longitudinal curriculum for residency physician wellness on selfreported resident wellness at three Detroit emergency medicine residency programs [16] . This curriculum was designed explicitly for EM residents with the support of the Wellness Think Tank, a wellness initiative sponsored by Academic Life in EM (ALiEM). While previous studies have made broad recommendations to improve emergency medicine resident wellness at the level of the institution and the individual, this is one of the first studies to evaluate this particular curriculum to date [17] . We hypothesize that residents would report decreased perceived stress and increased resiliency, measured using two well-validated surveys, after completion of three months of the wellness curriculum. This study will help contribute to the growing literature on techniques and interventions to improve resident physician wellness. It will also serve as a first step to validate the proposed wellness curriculum, which may more readily allow promotion and dissemination of a potentially useful and generalizable method for promoting wellness in residency programs.
METHODS

Study design
This was a prospective, interventional study of an intervention (wellness curriculum) among categorical residents in emergency medicine training. This study was approved by the Wayne State University (WSU) Institutional Review Board (IRB). No funding was provided from any source for this study.
Study Setting and Population
The population of interest included resident physicians in training at three distinct emergency medicine residencies, all affiliated with Wayne State University, Detroit, Michigan. All three residency programs are 3-year categorical programs. Resident physicians from all 3 years of residency training were included in the study population. No residents were excluded from participation in the study. A total of 114 categorical residents were eligible for participation across all 3 sites. Completion of the wellness curriculum itself was mandatory for all residents. The intervention consisted of resident wellness sessions held during weekly departmental grand rounds, and attendance was required for all resident physicians. However, participation in the pre-and post-intervention surveys was both voluntary and anonymous.
Study Protocol
In February 2018, prior to the initiation of the threemonth wellness curriculum pilot, a SurveyMonkey® (www.surveymonkey.com) survey was sent to all residents, to ascertain which two wellness modules were of most interest to participating residents from all of the available modules in the curriculum. The intention was that the "Introduction to Wellness" module would be provided by study personnel to all residents in March 2018, and the two top-ranked wellness modules, as voted on by the residents via the SurveyMonkey survey, would be provided in April and May 2018. Ultimately, the two most popular wellness modules were "Dealing with Medical Errors, " and "Shame and Debriefing Traumatic Events in the Emergency Department. " These were presented in April and May 2018, respectively. These two modules were overseen by program leadership at each site, based on the wellness curriculum provided in the Wellness Think Tank.
Identical pre-and post-intervention Qualtrics® surveys were collected from residents during a window from 21 February 2018 to 8 March 2018 for the preintervention survey, and 9 June 2018 to 25 June 2018 for the post-intervention survey. All survey responses were anonymous, and completion of the surveys was described to the residents as voluntary. The pre-and post-intervention surveys collected non-identifiable demographic information from all participating residents, including residency site, gender and postgraduate year (PGY). Each respondent to the Qualtrics® survey self-assigned a unique identifier for use on both the pre-and post-intervention surveys (i.e., "name of street that the respondent grew up on" + "year of high school graduation, " ex. Westchester2000). In addition to demographic data, the pre-and post-intervention surveys incorporated both the Perceived Stress Scale (PSS) and the Connor-Davidson Resilience Scale (CD-RISC). The PSS is a widely-used psychological instrument to measure the user's perception of stress, and CD-RISC is a 25-item measure of resilience that has previously been shown to be both valid and reliable [18, 19] . All data from the pre-and post-intervention surveys were collected and analyzed by a third-party member of the WSU faculty (JHP), who is not affiliated with the residency program leadership. Survey data were matched and de-identified by the third-party faculty member prior to distribution to the remainder of the study team.
Measurements
The complete text of the PSS is openly available online, free of charge however the CD-RISC scale charges a nominal fee for usage and therefore we cannot provide those survey questions [20] . Identical questions, incorporating both the PSS and CD-RISC questionnaires, were included in both surveys. Responses were downloaded into Microsoft® Excel files, and matched by unique identifiers to link pre-and postintervention survey responses.
The PSS consists of 10 questions (i.e., survey questions #5-14), which are scored by reversing responses (e.g., 0 = 4, 1= 3; etc) to the four positively-stated items (i.e., survey questions #8, 9, 11, 12) , and then summing across all scale items. The full range of scores is from 0-40 points, with higher scores reflecting a greater degree of perceived stress.
The CD-RISC consists of 25 questions (i.e., survey questions #15-39), which are scored by summing the total of all items, each of which is scored from 0-4 points. Therefore, the full range of scores is from 0-100 points, with higher scores reflecting greater resilience.
Data Analysis
Data from the pre-and post-intervention surveys were matched by unique identifier, and comparison was made across pre-and post-test surveys by the third-party faculty member. Total summed scores were computed by the third-party faculty member and de-identified prior to analysis by the WSU institutional biostatistical service. Data were provided to the WSU biostatistical service in Microsoft® Excel format, and statistical analysis was conducted by the WSU biostatistical service, using Statistical Analysis Software (SAS), version 9.4 (SAS Institute, Cary NC). Comparison of pre-and postintervention survey results was performed, reporting mean (with standard deviation) and median (with interquartile ranges) values, with p-values according to standard techniques. Subgroup 
RESULTS
A total of 64 of 114 residents (56.1%) completed the combined CD-RISC / PSS pre-intervention survey, and a total of 58 residents (50.9%) completed the combined post-intervention survey ( Table 1 ). The mean preintervention PSS score for all participants was 15.5 (SD +/-4.85), and the mean post-intervention PSS score was 15.4 (SD +/-5.42) points. The mean pre-intervention CD-RISC score for all participants was 75.1 (SD +/-8.9), and the mean post-intervention CD-RISC score was 74.9 (SD +/-9.88). Score comparison by gender demonstrated a statistically significant difference with both pre-and post-intervention PSS surveys, but not with either of CD-RISC surveys, when all subjects were included ( Table 1) .
A total of 30 of 114 (26.3%) residents completed both the pre-and post-intervention surveys. The mean "delta" (post-intervention score minus pre-intervention score) is provided for both the CD-RISC and PSS surveys in Table 2 . These 30 residents demonstrated increased resiliency (i.e., higher mean CD-RISC score), and lower perceived stress (i.e., decreased mean PSS score) following the intervention. However, this difference was only statistically significant with the CD-RISC score (p=0.015). Neither CD-RISC nor PSS showed a statistically significant difference with respect to subject gender ( Table 2) , even when subjects were evaluated by site and training year. None of the scores differed significantly with respect to resident post-graduate year ( Table 3) , and no variables showed a significant difference with respect to resident post-graduate year ( Table 4-5) . Pre-intervention PSS scores were significantly different across residency training sites, but none of the categorical variables showed significant differences with respect to residency training site ( Table 6 ). See Appendix A for tables 3-6. 
DISCUSSION
Previous research has determined that resident physicians enter residency with a higher-than-average prevalence of distress [21] . This highlights the importance of enacting a wellness curriculum that actually works, given that resident physicians are already starting their training at a disadvantage. We sought to evaluate the efficacy of one such wellness curriculum and although only three of the available 17 modules were presented in this pilot curriculum, the fact that resilience increased in such a short time frame is encouraging.
The wellness curriculum piloted in this study was exclusively designed by and for emergency medicine residents and was created over a one-year time period by the Wellness Think Tank, a working group overseen by Academic Life in Emergency Medicine (ALiEM) [16] . The Wellness Think Tank is comprised of resident members from all over the United States, with oversight by faculty members at various institutions nationally. From 2016-2017, the Wellness Think Tank met primarily asynchronously, and once in person at the first-ever Resident Wellness Consensus Summit in May 2017, to establish the curriculum. The end-result was a 17-module wellness curriculum that was made open-access in February 2018 as an appendix to the article describing the process by which the curriculum was developed. It is the first comprehensive wellness curriculum to be published specifically for emergency medicine residents. This study sought to pilot this curriculum to evaluate its effectiveness in decreasing perceived stress and increasing resilience amongst emergency medicine residents at three residency programs in Detroit.
"Wellness" and "physician well-being" are themselves difficult to define and objectively measure, therefore we used multiple objective surrogates to measure "wellness"in our resident cohort. Rather than creating a novel, unvalidated survey instrument for this study, the PSS and CD-RISC were chosen specifically since they had already undergone psychometric testing and validation. Of all available wellness assessment tools, these two were chosen specifically based on expert recommendation from senior leadership from the Wellness Think Tank. An additional benefit was that they were both low-or nocost to administer. Perceived stress has been previously shown to increase the chance of suicidal ideation in PGY-1 residents and to be a predictor of post-graduate mental health problems; it is for these reasons that the PSS was chosen to be included in the survey instrument [22, 23] . Physician resilience has been shown to increase well-being and is protective of burnout and therefore the CD-RISC was also included in our survey instrument [24] . In addition to the PSS and CD-RISC, the survey instrument also acquired demographic data. We were careful to collect demographic data that was interesting and relevant (institution where the resident is training, gender and PGY level of training) but ensured that data was not collected that would potentially void the anonymity of the respondent. For this reason, further demographic information, such as age, was not collected.
Although we were unable to demonstrate a significant improvement in perceived stress during the piloting of the wellness curriculum ( Table 2 mean decrease in perceived stress -1.2, p = 0.1487), our research did show a statistically significant improvement in resilience ( Table 2 , mean increase in resilience of 3.2, p = 0.0117) amongst those that responded to both the pre-and post-intervention surveys. This is a milestone accomplishment in the study of wellness in emergency medicine residents as no prior intervention has been shown to have a significant positive impact on emergency medicine residents. In fact, this study is one of the first residency wellness curriculums to be studied among emergency medicine residents. A recently-published systematic review of interventions to reduce resident physician burnout identified only 19 articles, out of a pool of 1870, that met the author's inclusion criteria, which included studies that presented original data, enrolled residents, had an identifiable intervention with followup results, and were published in English-language, peer-reviewed medical journals [25] . None of the 19 studies were in the field of emergency medicine. Our study is the first of its kind and comes at an incredibly important time, given the high rates of burnout amongst emergency physicians that seem to be worsening every year [26] . Additionally, our study was multi-institutional, thus increasing our sample size and making our results more generalizable. Small sample size and research being conducted within a single residency program have been noted previously to diminish the generalizability of the few studies on interventions to increase wellness and decrease burnout [25] .
It is important to note that our results do not suggest a statistically significant difference in any of the subgroup analyses of the data. There was no difference in responses as distinguished by gender, site of training or PGY level. This implies that the curriculum may benefit all residents, given that no group seemed to be "more well" than any other group.
LIMITATIONS
Although the results of this study are encouraging, there are significant limitations which can be addressed in the future. As this was a pilot curriculum, only three months of material were covered. Although care was taken to identify the modules most important to the resident physicians, findings of greater significance will be identified when the curriculum is studied over a longer period of time and with more modules presented. Another significant limitation was the response rate to the surveys pre-and post-intervention. Although the pre-and post-intervention survey response rates were 56.1% and 50.9%, respectively, only 26.3% responded to both the pre-and post-intervention survey, making it difficult to establish generalizable conclusions. An increased response rate would further elucidate the effectiveness of the wellness curriculum. Although we performed subgroup analyses on post-graduate year, gender, and residency site, this study is not powered for such an analysis. Furthermore, since this was a pilot study, we had no previous studies to help us predict what a clinically-significant "delta" for improvement in either metric should be. Lastly, although we did show improvement in resilience based on a psychometric tool to measure resilience, we did not measure what tangible outcomes this may have had on the residents.
Additionally, the pre-intervention survey was given in February and the post-intervention survey was given in June, so seasonal variations could affect the responses provided on the surveys, potentially inflating the June scores. Conversely, advancement to the next post-graduate year and its concomitant increase in responsibility, including graduation from residency, may adversely affect survey responses. We believe that longerterm studies will help to mitigate this effect. Although our study was multi-institutional, it was limited to residency programs in the city of Detroit, which may limit the generalizability of the results outside of this geographic area.
Finally, the wellness curriculum was presented during weekly didactics. Although attendance to 75-80% of didactic sessions is mandatory, some are excused from didactics because of clinical responsibilities and others are absent from didactics for personal reasons. It is unknown whether the survey respondents attended any or all of the wellness sessions, and this may positively or negatively impact the survey results. Attendance of the residents at these sessions can be tracked but not definitively paired with the respondents because of the anonymous nature of the survey. Future studies may attempt to correlate resident attendance with survey responses however care will need to be exercised in order to retain the anonymity of the respondents.
CONCLUSIONS
Resident physician wellness is an important topic, particularly in emergency medicine, which is frequently cited as having one of the highest burnout rates of all fields of medicine [2] . As with any other curricular intervention, wellness curricula need to be evaluated to establish their efficacy and modified as necessary. We present the piloting of a comprehensive, resident-created wellness curriculum shown to improve resilience over a three-month time period. Although future studies are necessary to determine long-term effects of the curriculum and in more diverse resident cohorts, our work represents one of the first wellness curriculums for resident physicians within emergency medicine. This is a significant step forward in a movement to improve the wellness of resident physicians and decrease their burnout, and will prepare resident physicians for a long, successful career within emergency medicine.
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